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Abstract
Regulation of gene expression in response to cell density is considered to be caused by quorum
sensing and quorum sensing systems based on bacterial extra cellular signaling molecules, the so-called
autoinducers(AIs). Porphyromonas gingiualis secrete autoinducer 2(AI2). The purpose here was to
examine whether AI2 influenced protein production of P. gingiaalis. The h,uS gene, one of the genes
for Al2 production, mutant(N3) was constructed and the protein production of P. gingioars ATCC
33277 (parent strain) and P. gingiualis N3 was compared using two dimensional gel electrophoresis.
No differences in spot number were observed between the parent strain and N3, but the spot volume
of one spot was larger in the parent strain than N3. With N-terminal amino acid sequence analysis,
this spot was shown to be Rgp, a major pathogenic factor of P. gingioalis. The Rgp activity of cells
of the parent strain was also higher than that of N3.
From these results it is suggested that AI2 may be involved in regulation of Rgp production and in
increasing the pathogenicity of P. gingiualis in oral biofilms.
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18 ffil76 fi , lfu ,/ P . gingioa lis A y' :z t s ) Hff Ifl ,'. O quorum sensingO*v#
ftr H o HiHH t. ffi# l- < .€E+ Xfrn:=aBfrfr b
P.l, 4 ffiffi i* quorum sensins t 4 iJi't ( r,,
a(L). .tLt.)v\a affi1,na+Rfi.t*.4 h oxlt
IF,*.r,2-t v, < T fi) 4Q). 4 h O XXIR*.Ii, 4 h
owllt EEt 6ftrHffirirH)ilta.Li. j
,, fflHrr#xL<fr. a. .atil*.bfr.-r
frflHl* Vibrio fischeriT4 h 0)l*frt.ffikl-,
HW a j#ltfilt {# t,, E S t 4 acyl-homoserine
lactones (AHLs) biar* AWlHbffiL A L, atL
b\ V. fischeri Oregulatory proteins talFHf
a. zaffiR, zaIfr#.ti_JD v?"-ltvE:Sts
4. D, lucif erase)EET O *i5 ri" ffi 4fi 3 tLft)t-f
6 . L r\+Efr 3 ill-(3,4,5). . OrE*.AffiEEl,. J
D frEH l: *a u, < lZ++UHt t L-C cell to cell :r
\ :z-7-/ a zbl(v>6 -- t, */e, aA
quorum sensingd)fi liffi HFfi ii *i r,r a tr, < E
El,<v' A a Lb\xffiiiffi | tr: l.ti.t o). )"
, t^w'l*ffi-cilli.^(7+ ij a^' L(quorum
sensingillf b lfl,a. v' Z . Lactococcus lacils AE
+_T 6+jiH.:7+ F tJ.AtjIH,s77 I:.OiHH
trlb6ffi,fEi.rgr-6 L, 3 6l;fifuH^17+ F a
tr+b:Hlni 6 LW€8 tuav,6$r'. )", aW
'l4Hf l* y. fischeritt*it,:151p,-m3 i'ule
AHLstrH5 -f A *hs i> 0, AHLs iJ autoin-
ducerl (AI1) Lrylj'r?r v> b. AlrD{Fffi iiH
f6t+EH'lrb 0, < alFffiffitrrrpE b tLa'W+
bi fr) 6@). Pseudomonas aeruginosaTl tr 4 t
7 4 )v AOtr F\.tzArtnrifH,- a .- t h\Alla
tr LtzW1t a EE + ( tasl E{r,A) A'Xffi D X
,Eff rz. 3 ttlt . lasl ]€'IiAA- ^ wtFrr-fr; 1 r ( fJ z I
4 i 7 .t )vAFxFAWottrS rJ'ffi (, *t, deter-
gentir j , ilrrr'Lsf ( /r 6 . L nr#fr3 i'L
le . aAa L & D, AIlrj'P. aeruginosaAtt4
t 7 4 )vAOFX:?*i.EE'cb 9, Ffrt*k1r,cP.
aeruginosaa)EH'l4ll 6 HSr a a L nrz\@ 3
lLle.te). a trLi.l-j L r, F\tlr,*Zi.aET b a b:, 7^
, AW'W' )" , AW'Wffit. *i r, ) ( E < 84. 3 iL,
*. t:., HffibFdbf*E < lFHt 6 Y )" )- tvWH
iJAI2 t ryifi"L( L) 6(1). AI2E+.tt.Wi4t AW
##o> | 2 D&li+bs luxSi€ETTc* A. . a
i€fr+lt& < Of#HFfir,t + rr r-rj"t> 9, &
< offlHrAr\btrHt 6. tnr+Ffr3i'u(v'
A o). AIZOffiH'I& lz H5f A F\ Y V < [*,EH14
*wH a, 4 lrilfttil,ffit#a xtEtzHS?. 6 +E
#str rr 3 iL ( t, I 6 t'or. * /:, Fusobacterium
nucleatum, Preuotella intermedia, Por|hyr-
omonas gingiualis, Actinobacillus
actinomycetemcomitans, Streptococcus gor-
donii#0) Effif;ffiH ro /.I?*tr+.-f A . L rr+E
ft 5 tra7-ttr'tz't3't4). P. gingiaalisb\Al?tta J D D
a t ) ttiEE+a#lbtlEEa rla b'bffiF.t
6 EH!rdifferential display PCRt. J. A+F.
81\t2), titLl ,*f .yl &arginine specific
cysteine proteinase (Rgp) $ a; iE{* l. IRE L /-
*E#tlrr 3 tll-os). Li' L, EFffi lr f i7 6 Rgp
atrH#€,HfET,_ A L-f a ffi+ t, f.HlJfr f A
Lt4^F.rs) /e ffiRrr*E#3r'LrL)6. .At
i lzP. gingiualisllquorum sensingi- k 9 Da
fTZTIEET#'8.'JE6€ 3 /1, * ft DOffi TrE H
Hnr€FI 3 tr, b b't*Tfltg fi fis$v> . fuR tt ,
AI2l. & D P. sinsiualisl)?E1H.Xlild D a t
) r,t-Alt-f Ab'hffiet-f bftP>, P. gingiualis
olurS*RffiblFryL, ffi#F Lo), >)srHX,
rE D+fua* 2 \r-H-x.wHJb Hv.., 7 u 7 t 
-
AtrttzWtfil-, Al2t. j A*R Ebffiilf L/e .
-Ef;''*
I . {tEdHffitr*Etri*
Potphyromonas gingiualis ATCC 3327 7 ffi,
N3ff (luxSTEt ) ii 5 pg/ml hemin, I pci
ml menadione, 5'% yeast extractiffiIlTryptic
soy broth (TYHMT*It) * t i*GAM+XLolt
i. ( 3Tcfmfi E! i.r,.aE L f:. Escherichia coli
JM109#F, DHSa#F, pKD355ffil*LB broth* t
ffi
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iJ LB+X,*,& tz < 37' CT+7"5H! rz ffi Af L /e. *
le, ffi#-WJHi*,2.EE+t..4. coli rtt ft l, < lt
Ampicillin (1OOpglm1; * /: i*Erythromycin
(300pgl61; tsLstttli rnl-le . P. gingiualis
l.l{ L Z it,Z'48+ i.Erythromycin (tO pg1 n:J1
&ffir&l;ifitrnuz;.
2 . P. gingivalisi' b O*E{fDNAro^tfrfrfr i*,
Simth 6 afi i*('u) t.lf if# D A Ts'> t:. -{ rt
bb, L-Jz#ffiWl,000plbV 
--)lz t D, E,L'
'{k, 
-|ffibf4.(, H{+0r567 plaTBtr v 7 z -
L 30 pt0)r0%SDsi6fi etrl Z<'6ffi L /e. : v.
f, 3 plOproteinase K (20mg /ml) YdWhlJn
L, 37'C-C60htr[fi L/:. 3 6 1,., Cetyltrimeth-
yl ammonium bromidetsrli, 65'C-C20tYJl
ffiNlEL le . a 0)'&. i. lE E o phenol/chloro-
form/isoamyl alcohol (25:-24:- I, v/vlv) i&
thnZ, +E L a lh, 15,000 g , 10jl:E,L' t-, l:
ffibffi LL:7:. 
-)t L D, Zttzt,000pla
10096 a + )v 7 )v :1 * )v b)lt Z, 
- 
80' CTz\ttffi





)v7)v=-tvTfrfrLle . thB|.bMicro Vac
MV 100 (TOMY) Tffir*.V, atLI., 2 plA
RNase (l0mg/mt) ts 6 tuSOOpl O TE zr v
7 r-&il82, 37"Cr30rlEffiL/e. ?L)r,
a tL tz IEI E o phenol/chloroform/isoamyl
alcoholtsIUiffi.L i l-lt. i i't &15,000 g, 10
t!fr,i,:th, }iEEffi|v,t =_)ELD, atL
E-3jpto) 3 MBImi | \, 
^#Wb)JtLt:. 3b E, 100%,a* tv7 )v:1- )v t750pi1li-, 
-
80"C-C20rlb\Eth., ts,000 e ?10rlit,L.L, it
W.b7y%tV )v7 )v:i 
- 
)vTffifrl-t:. 'ftW.b
Micro Vac MV- 100 rSZ'WLh., z tL tz20 plaTE




P. gingiaalis D AIZE +^t W+-f 4w#fr+0)
I )T b 6 LuxSO]EE* luxSl*Chungb a*R
tLo2)b 6 L ll TIGRTa\m U< D A P. gin
giualis W83, ) AAr-r>\b*tt.l-,
luxS;€E A bfr {-PfEbI erHfE-f 4 l, 4 -< *'\
1uS 
J
Linemized plasmid with NorI introduced into P. gingivalis ATCC 33277 via electroporation
+
P. gingivalis N3 (/uS mutant)
Fig. I . Construction of a site specific mutant by allelic exchange. The pGEM-KS containing
lux,S gene interrupted by an ermF-ermAM cassette. The plasmid was linearized with
NolI and introduced into P. gingiualrs ATCC 33277 by electroporation. P. gingiualis was
incubated on GAM agar containing erythromycin (10pglm1) for 7 days at 37'C.
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7 t-;flEtl,le . ao)7, 4 -<-,s7 tffiv'< P.
gingioalis*fu{tONeET >7v- l' L L(
PCR&fTL)pGEM T-easy vector (Promega)
iiligationLt . atLb E. colli DH5affiI.tr H
*r&L, 1#bttle 7, 7 \ i'^ &pGEM-K1L L
/e. ZA77 x \ F'EBalIf{&EUa, BamHl
linker tligation L, E coli DHS affit.YrH#tfr
l-<, t+6ttft71x \ i-^ tpGEM-KZLl-ft.
. a7, A i F- b BaruHltruWtb., 77 x : i.^
pKD355 (FilEx+ffi+ffi+iliExft+.r D tl
5 t 9U /e) b BamHl t BglIl-CVJW l, le
ermF-ermAM tligationla, E. coli DHSa
f*t.frw#&U, /, x \ i.^pGEM-K5Et4/e .
a fu A NotI T tll W |th., P. gingiualis ATCC
33277t*tt av ) l- E,ti1,,- r' a /tt j I ffi1
L, jL ) 7 u -< 4 Y :/AHGAM*XL*}ti.E
W.La, 7 fllfrt-l,#+k t?r>fuft:r Er:- b luxS
UXffiL L/e (Fig.1).
4 . E{tr.l2 a 2 *:E€frriUH ot+r+affi#.
fi)*
Pridmore b O)fi i*o?) tt iX,fE Da Ts -> t:.'{
tst>rr, P. gingiualisoffiffi. I mlb * 
= 
*? rtz.
L D, 15,000e-Cl0fia,L.l-, ffiffhi+/e . H
t#tz t mg Tl-CKi,fi)tlEffirsy7 r-E500pl
?filt L, 100'cr10r)r\fllh, w* b285mgifiIu




t\oopl*fitrfl L, ffiEiEIe4 Lft . ?rzr?,
Eiffi u 1 ffifdfftr?4, 1oo, ooo g r 1 ffiFfiffiE,I.
l-/e. a OE,L'tiEAilH t l-tt.
5 . 2 -XtEfirilflr0)*{+
ai,t*tzsptAx I D y 7 rt tv )" 
-[.?^Itl L, .
/L!.Immobiline DryStrip (pH 4 7, 7cm) b
ffi)'.Lle . Ztt*Ettan IPGphor IEF system
(Amersham Bioscience) b Hv,. a W'fAlZb 12
FS Ffi, sooV i. (500Vhr, 1,000V i. (1,000
Vhr, 8.000V i. 220, 000vhrDwfu*.1*r$E
.f. Eft WgJ b Ttcle. ? t,r t., Immobiline
DryStrip&SDS-Yffy{hrs y 7 z 
-t <Y'&lL
'(h., 12.5%al p i. f SDS-PAGEt'lto/e..
SDS_PAGE?a, I tvb r." * y *7 U \ 7 > |
?tv-t <, >)s)H.*@,bLle 
.
6 . 2 :4riEfr,ti.fltt )vo#tfr
2 *LEF"Wfu'&a> I tv ot X ;ti y l-. W, 7
;iiv l. ,-]-i 9 :-A A Wtfi it PDQuest (Bio
-RAD) bHu,all'>/t.
7. NrFffi7 i /&LF/eilaffiitfr
X;l-iv l-.ONXqfr7 \ )Wqdrt)awffid2N




-7 \ \ 7 > | 7 tv-Ea*@,1-te.';
r,: ?, trfula x ;li y l- E+lJ 9 frl-l u 7 4 >
v 
- 
? a)z+l- (Procise492, Applied Biosys-
tems) ?,Hr,.<7 : )W4drtlb#.trl(/e . *te ,
.OEertJt, BLAST searchl.(iEE+t , >
ts ? HbffiRl,tz.
8. Repifr{t@iEtJtrrt
H6a;Rgpif;'Ei* 1 mM Na-Benzoyle-Dl
-arginine p-nitroanilide HCI L 1()mM cysteine
HCI€E'O.lM Tris-HCl (pH 7.4) ift800p1,
^1, 
700p I Ji j 1.r'il#120p I b fii Zr0r! Rffi'rh a>
OD405nmtiEUE L, A40snm/min/mg protein
?i6'E t *.Lt:. ) Y ts ) HtroiFUE i*
DCprotein asssey kit (Bio-RAD) &ffit,r'eE!I
ff-]rft.
9. HAiE,l+n;E|JErr*
Hi&soptau+tr,o96N7 L,- l- i;< 2ffifr
fAfttUEPBStz J D ffWL, z. *t tc\\pla 2 %
+mi&ei rlL/:. 6iE?30rlfEt a'{b' EtH





P. gingiaalis L P. intermedia L 0) ^+th1€l* P.
gingiualisffiWt JtEtFzt v 7 r 
- 
l. ( OD600
nmTaWJtE A0.61,. L, P. intennediaffiffa
WycE b l. 8 t. -ffi # L leffit6.b H \' a T-r o ft .';
*DtrHi&A200rli-r;frffi€ (t3mm x 100
mm) l;i6l[ L, 150rpmi. (60r]fE L )'{k, *
twF'ffi'l+.b 
- 




P. gingioalis ATCC 33277ffi0) lwxS:EE+ll
ermF - ermAM .E.E+ b ffi )'.1k, luxSA*ffi b
erythromycin€E-GAM*Xr*t& ll a A 2 t) 
-
=Y)"]tt:.LZ4,t*#.7 Bf,30lWA r E:-
b't?te. Z D a t, OI2= u = - b rlffiill,€.U,
&ffiffi x 9 DNA affi fr U a, tux$E{i+ bffiH.
-f A7r 4 -<*"s7 i. & , PCRATscle . ZD
ffiR, Z.skbi. l#ats> I" L, 2.skbL0.4kb
t. 2 
^o 




-bs b -:> f:
(Fig. Z ). 2.sKbi. lfrDts> r^ns&H3fi-t
b O it E PlorEE*nrdouble cross overii (ffi
a+4zrrfrg 3 t#Ft, 2.skb L0. 4kbi. 2 *D ts
HZE +F,-7S+IZtr
v i'^nr&ffi3 it,/e *: Oil EltrloiEEfirsingle
cross overir <frEb-+fuZbJEE /e tr A Lt Z e)
it ft. double cross overii (:EE+9,$,/)+4ZiJ
tjbttt:4ffibZtL?tL, K3, N1, N3, N5
ffi L l- lt. +E i* N3ffi A DIW axw.t.'f+il L
2. P. gingivalis ATCC 33277tqF.tN3tkE@ 2
:^75@frri$,:, 
->aLb#.
P. gingiualis ATCC 33277t* L N3ffiO16ffi
F6, 20ffi Ffi *c j C24ffi Ffi H#ffi o>ffiW.0>s}j/ttr.
&oD600nm?1. st.ffi# L, < a z tRr-E-l"=w
iltka / )z tr 7 H*@ts, 
-> X ttffi.l,le .
rbrr , t 4 5 5 7 E I l! ll 11 B
+ 2"f kbp
Fig.2. Agarose gel electrophoresis pattern of
PCR product of lwxS mutant oI P. gingiualis.
Twelve erythromycin-resistant colonies
from P. gingiualis ATCC33277 that had been
transferred with pGEM-SK were analyzed by
PCR using the /z.rS primer.
lane 1, Mw maker; lane 2, P. gingualis Kl;
lane 3, P. gingiualis K2; lane 4, P. gingiualis
K3; lane 5, P. gingiualis K4; lane 6, P. gin'
giualis K5; lane 7, P. gingiualis K6; lane 8, P.
gingiualis N1; lane 9, P. gingiualis N2; lane
70, P. gingiualis N3; lane ll, P. gingiualis N4











Fig. 3 . Two dimensional electrophoresis pattern of cells of P. gingiualis ATCC33277 and N3.
A: P. gingiualis N3 was incubated at 37"C for 16 hr. ts: P. gingiualis ATCC33277 was incubated
at 37"C for 16 hr. After incubation, both cells were prepared for sample of two dimensional gel
electrophoresis. The arrows indicate the spot where spot volume increased in either gel.
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22 ffir:Hf' hfr,,/P.eineiualisDr>)s?H.ffIE,..OquorumsensingOfiZ€P
PDQuest i. ( 4-l tv olWffi t Lle ffi*, z ff v
| ry.o ffi1€ i* R, r, futt b,':> /e ir (data not
shown), P. gingiaalis ATCC33277t+Afib: 7
;fi y l- ;li r1 t- A/)t* t,rX,l-i v I ir I 2R,b
i1,t (Fig.3 (B)) . .0)1fr"y l. &PDQuesti.
< ftaful r,t ffiffi L f:.ffiR, ffiffio fi b\l{!l . 8{* x
,j-iv l- d t) t-A rit E t.) a L ilir i,:/c
(r"ig. a ). . a, >,s, HttNX:!t#7 :,/ mEE
,tlDffitfrtBLAST searchOffiR} 9, RgpL
lEE3 ?t /e (Table l). *h, P. gingiaalis N3
t*afr oz;li v I- fi r1 z 
- 







Fig. 4 . Quantitative analysis of the spot which
increased in spot volume in the parent strain
using PDQuest.
A : Master gel. B : P. gingiual,s N3 (/&rS
mutant) . C : P. gingiualis ATCC33277 (par-
ent strain). Arrows indicate the spot with
increased spot volume in the gel of the parent
strain.
/r\ 2 2 F-6ir-t (Fig. 3 (A)) . .trLr> oz.ff y
F IJNXqfrOT: )WEEY\OffiTfi LBLAST
searchOffiRj I, NAD-specific glutamate
dehydrogenase, alanine dehydrogenase?b :
/e (Fig. 5 . t Table 1 ). aarfu*.ttt20E*F{, z+
ffi Ffi LnEa; H{6 tr *a u, ( b E D{qlfu a z:r L /e.




z rJ{ v l- o}Lffi J. D , P.
gingiualis ATCC 33277ffi0)fi b\N3ffi lrlLffi L
aRgpD 7,ti v l.,j'i t) t 
- 
A 0)H)lfrlrRl1h!. /) r)
ttf: J- L J. D, Rgpi6'l4a;il-W.&11=fe . p.











Fig.5 . Two dimensional electrophoresis pattern
of cells of P. gingiualis ATCC33277. Spots
indicated with arrows were analyzed for the
N-terminal amino acid sequence.
Table 1 . N terminal amino acid sequence of protein spots by two dimensional electrophor.
esis of P. gingiualis A'1CC33277 cell and the result of the BLAST search




















translation elongation factor Ts





fructose-bisphosphate aldolase, class I











gingiualis ATCC 33277ffi t N3ffiOearly log
phase (OD600nm fr!0.5), middle log phase
(OD600nm frlO.9), late log phase (OD600nm
frlr . s) E *i u affi/6-aRgpiffi't&oiqUE t l,/t .












Edly log ph6e cell Middle log ph6e cell Late log phiase cell
Fig. 6 . Comparison of Rgp activity between P
gingiualis ATCC33277 (parent strain) and
N3 (/zrS mutant) at each growth phase. The
results are expressed as mean+SD from the
different experiments with triplicate cul-
tures. * : P<0.05 as compared with P. gin-
eiualis ATCC33277. I parent strain, E N3
(/ecrS mutant)
early log phase cell
ATCC 3327 7 ffi.0)Rgoi5'f$r5rffi tr :ftfi tfr b E l, le
(Fig.6). */e, ffiEti6i.iilate log phase
* ?ijRgpifi'W.t*rhD b-6tt f , Rgpl*late log
phase * Tl*Yh DH'{6*E i.f;HA l-a\,\ 6 b 0)
L*L6tttc. (data not shown)
Edly log phse cell Middle log phse cell Late log ph6e cell
Fig. 7 . Comparison of HA activity between P.
gingioalis ATCC33277 (parent strain) and
N3 (/zrS mutant) at each growth phase
using 2l sheep red blood cell. ! parent
strain, E N3 (/zrs mutant)
late log phase cell
",,MW
P. gingivalis ATCC332T
P. intermedia ATCC?56 I I
P. gingivalrs N3
+
P. intermedla ATCC256I I P.intermediaATCAS6|| P.internediaATCA56ll
Fig.8 . Comparison of coaggregation of each growth phase cell oI P. gingiualis 4TCC33277,
N3 and P. intetmedia ATCC25611. (A1): Coaggregation between early log phase cells
of P. gingiualis ATCC33277 and P. intermedia ATCC25611. (A2): Coaggregation
between early log phase cells of P. gingiualis N3 and P. intermedia ATCC25611. (B1):
Coaggregation between middle log phase cells of P. gingiualis A|CC33277 and P.
intermeia ATCC25611. (B2) : Coaggregation between middle log phase cells of P.
gingiualis N3 and P. intermeia ATCC25611. (C1): Coaggregation between late log
phase cell of P. gingiualis ATCC33277 and P. intermedia ATCC256L1. (C2): Coaggrega-
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4 . P. gingivalis ATCC 332711*t N3ffi@HAiE
t4o)tb#
P. gingiualiso HAi61t i* Rgp O C *.t zE&
f 6 adhesin domainisHS, 6 tr'6E'[*nrifi <
b P. gingiaalis ATCC 3327 TEXL N3ffi O HAiE
,I+E hTW.L t. LNEffi H O ffi iE L Jt I,I HAiE'[4
aHliltt R 6 il,/: i\, trHffi Ffi ro HAi6'l4o
Evr l*8, t>lfl"ttb'c t (Fig. 7 ).
5 . P. gingivalis ATCC 33217 t N3O)P. inter-
mediat A*ffit4)Lb#.
P. gingiualis L P. intermediaLa*&Lflt*
RgpOadhesin domainOHcPlTnj"rfi < ffi 5 L
(ur6q'6u'*nrzi@3 tta v> A a t t 9 ("), P.
gingiualis ATCC33277ffi k N3ffiOP. inter-
mediaL a*&tFb Ltffi L /:. . tL 6 o)ffiffitt
$ tt, a ;+&tFoffi'ltoffi ie B F, t, tt lt b, o le.
Li, L, P. gingiaalisofrffitraffiEffiF{Offi
iE L + t ++&LF*affi)il-f 6 fEfi b* F. r, tuft
(Fig. 8 ).
+*
P. eineiualis ATCC 33277 L Z 0)luxS*.Rff
T b 4 N3ffi o iSEH l#a> 7 u 7 * 
- 
AWWtfi
i.] D, EHffiFfiroy')zts) Hxrliv bryi.
td*lt t*R,6 tttsb' -> t:. L t, L, ffiffAfi r,z
) )z tt ) HXYF.b\HfinVte X ,i-i v l- /r\F,6 trL
tt. ? i'LilN+.ffi7 : ,/ mgd,r\O ff;* t
BLAST searchOffiRj DRgpt&:t. 3 6
E, H'ffr o) Rgpif;'l$ 6 ffiffiafi b:lE,II L < t,, /e.
. rLwffit* 0) tr *^L lt aa a Ar2 a *#g b I l)
ft ffiR t 4 L 6 ttlt. Chung b l*o2tP. gin-
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